VNMRS-400WB spectrometer under one pulse condition. The liquid-state 13 C NMR spectrum for the analyses of the organic amines was recorded on a Brucker Avance 500 spectrometer at ambient temperature. The thermogravimetric and derivative thermogravity (TG-DTG) analyses were carried out on a Mettler-Toledo Model TGA/SDTA851e apparatus from room temperature to 1063 K at a heating rater of 10 K min -1 in air.
High-resolution XRD experiment, profile fitting and structure simulation
The high-resolution powder X-ray diffraction (PXRD) data for ECNU-20 was collected on synchrotron beam line 14B at Shanghai Synchrotron Radiation Facility (SSRF) with the X-ray wave length of 1.2438 Å. The preferred orientation of the samples was improved by using 0.5 mm glass capillary as sample holders. The data was obtained in the 2θ angle range of 5-48° at an effective X-ray energy of 10 keV.
The profile fitting of ECNU-20 was performed using TOPAS 5.0. The coordinates of the conventional IWR zeolite tetrahedral network was used as starting parameters for DIFFFax simulation. Figure S1 . The organic structure directing agents used in the synthesis of the ECNU-20 zeolite (a), ECNU-3 zeolite (b) and ITQ-24 zeolite (c). With decreasing the crystal thickness along c axis from 100 to 10 nm, the c-related reflections were broadened and weakened in intensify greatly. For modeling the interaction between the surface of zeolites and SDA molecules, one important question that must be addressed first, is how to get the unequivocal surface structure for porous materials. As demonstrated in a separate study 3 , a jointly use of SIESTA 4 and VASP 5, 6 packages is an effective and efficient approach to explore the surface structures of zeolite. Simply put, the SIESTA package is used for structure relaxation of system with thousands of atoms, and then the electronic energy was refined by a single-point energy calculation with the VASP package.
The geometry relaxation was performed by using the SIESTA package with the Perdew-Burke-Ernzerhof (PBE) functional 7, 8 , wherein a linear-scaling densityfunctional methods 9 was implemented for efficient calculation of large system. This package utilizes periodic boundary conditions, norm-conserving pseudopotentials 10 and a localized numerical basis set to describe the valence electrons. A double-ζ basis set with polarization functions was used for all atoms. The Brillouin zone was sampled at the Γ point with a mesh cutoff of 300 Ry. The split gauss basis set were used for all atoms. In geometry optimization, the convergence criterion for the electronic self-consistency was 10 −4 eV, and that for the ionic relaxation was set to 10 -3 eV.
Once the structure obtained, the single point energy calculation was followed by using VASP with the DFT-D3 scheme 11, 12 as implemented in to account for the weak interaction between the surface of zeolite and SDA molecules. The exchangecorrelation energy was described by the PBE functional. The Brillouin-zone sampling was restricted to the Γ point. The electron-ion interaction was solved by the projector augmented wave (PAW) 13,14 method, and the iterative solutions of Kohn-Sham equations was done using a plane-wave basis set with a cutoff energy of 500 eV. The convergence criterion for the electronic self-consistency cycle was set to 10 -5 eV for final single-point energy calculation.
Considering Si and Ge are both tetrahedral elements, here we use pure Si framework as the model system for simplification in following studies. Surface slabs were created along 7 low-index directions, and stable termination of external surface was constructed to reduce surface hydroxyls density. The calculated surface free energies (γ) were listed in Table S4 . Each of surface terminations would expose unsaturated Si or O atoms in the slab model that contains no more than 900 atoms.
The vacuum gap in the slab is kept large enough (~15Å) to prevent unphysical interactions between the top and the bottom of the surface. The surface slabs were thick enough for the convergence of surface free energy. The surface free energy was calculated using the following expression:
The smaller the surface free energy, the more stable is the corresponding surface structure. Here, we use the 420 K as the circumstance temperature of water molecular for getting as possible as close to the actual condition of reaction.
The cell vectors and the middle region in the slab model representing the bulk phase were fixed during geometry relaxation of the surface structures. In order to investigate the influence of SDAs on the morphology of zeolite, the adsorption energies of SDAs on each surface of zeolite were calculated first. Then, the surface free energy of a bare surface structure was corrected according to the following expression. The corrected surface free energy γ cor 15 is given by:
The more negative the adsorption energy, the stronger of the interaction between each surface and SDAs is, accordingly reducing the surface free energy to a larger extent. To compare the effect of different SDAs on the external surface of zeolites, we assumed that each half-open cage on the external surface accommodates only one SDA molecule duo to the size of SDAs molecules.
For efficiently comparing the interactions of SDAs on each external surface, we adopted slab models with less atoms (as shown in Figure S9 ) while retaining the halfopen cages on the surface structure as simulated above. The two layers in the bottom of slabs were fixed in order to maintain the framework of zeolite surface and the other atoms was fully relaxed to estimate the interaction between SDAs and external surface of zeolites. The adsorption energy of SDAs on the external surface was defined as the energy difference between the SDAs-surface complex (E slab-sda ) and the isolated form of the surface slab (E slab ) and SDAs (E sda ):
ads,D3 slab sda sda slab Figure 5c ). The most stable orientation was carefully determined among possible configurations as shown in Figure S9 . The adsorption energy and the corrected surface free energy due to the adsorbed SDAs are listed in Table S5 . 
